The principal limiting error source in the Global Positioning System (GPS) is the mismodeling of the delay experienced by radio waves in propagating through the atmosphere. The atmosphere causing the delay in GPS signals consists of two main layers: the ionosphere and the troposphere. The ionospheric delay can be mitigated using dual frequency receivers, but the tropospheric delay is often corrected using a standard tropospheric model. The tropospheric delay can be described as a product of the delay at the zenith and a mapping function, which models the elevation dependence of the propagation delay. A large number of mapping functions have been developed for use in the analysis of space geodetic data.
Introduction
The electromagnetic signal used in the Global Positioning System (GPS) propagates through part of the Earth's atmosphere specifically through the neutral atmosphere. Since the troposphere accounts for most of the neutral atmospheric mass and contains practically all the water vapor, the term tropospheric delay is often used to designate the global effect of the neutral atmosphere. The neutral atmosphere affects the propagation of signals, causing a propagation delay and bending of the ray. These effects depend on the real-valued refractive index, n, along the signal ray path, more con- * E-mail: sobhi100@yahoo.com veniently expressed by another quantity, the refractivity, N:
which can be expressed as (Thayer 1974) :
where: P d is the partial pressure of dry gases in the atmosphere, P w is the partial pressure of water vapor, T is the absolute temperature and K i are empirically determined constants. The tropospheric delay ∆S trop , of radio wave propagation from a satellite to the Earth's surface can be expressed as:
where z is the zenith angle and s is the bended ray path length from the satellite to receiver.
For a signal coming from the zenith direction, the delay (tropospheric zenith delay) can be expressed as:
where h is the vertical distance between satellite and receiver.
The zenith delay can be related to the delay that the signal would experience at different elevation angles through the use of a mapping function. A mapping function is the ratio of the excess path delay at the elevation angle ε to the path delay in the zenith direction, so the tropospheric delay at different elevation angles (mapped tropospheric delay) can be expressed as (Langley 1994):
where: ε is the non refracted elevation angle and m(ε) is the mapping function.
Improvements of atmospheric mapping functions have resulted in signi cant advances in the accuracy of the results. The functional form of the mapping function has been a continued fraction, 1/sin (ε). The evolution has been in the number of terms that de ne the continued fraction and in the nature of the parameters. At various times, the parameters have been some combination of constants and functions of geographic location, local meteorological conditions, and season. Marini and Murray (1973) showed that the mapping function could be approximated by a continued fraction of the form:
Early mapping functions used constant values for the parameters and only one or two terms including (Chao 1974) and (Moffet 1973) . The mapping function's dependence on site location and the current state of the atmosphere, characterized by the use of surface meteorological data, was next published (Davis 1985 , Ifadis 1986 , Herring 1992 , Niell 1996 . The use of in situ data from a numerical weather model provided a signi cant improvement in the mapping function (Niell 2001) . This is clear in Isobaric mapping functions, which use the geopotential height of the 200 hPa pressure level for the hydrostatic component. The new mapping functions are based on direct ray tracing through Numerical Weather Models (NWMs), which include Vienna (VMF). This paper presents a full study and assessment of the performance of different mapping functions to check their accuracy and reliability in dry tropospheric delay prediction for atmospheric conditions of different geographic regions in Egypt. This paper is organized as follows: the rst section describes the numerical integration model and a brief Fig. 1 to 6 and Tables 3 to 11. The third section presents an analysis and discussion of the results followed by some concluding remarks in the nal section.
Experimental Procedures

Numerical Integration Model
A Numerical Integration Model is derived for three stations (Aswan, Helwan, and Mersa Matrouh) in January, July and an average value for a complete year as follow:
First, we calculated refractivity according to Smith and Weintraub (1953) and with greater accuracy by Thayer (Thayer 1974) :
The dry refractivity and wet refractivity respectively are equal to: ∫ xn
As a special case of this formula, at equal intervals, then A i = 1, B i = 4 and C i =1.
At zenith, the refracted path length (S) equals the geometric distance between the receiver and satellite (H), and the dry tropo- 
At different zenith angles (z), the dry tropospheric delay is expressed as:
We used Eqs. (8) and (9) to determine dry tropospheric delay and integration nodes are distributed equally from the earth's surface to 100 km height as follows:
1. From surface to 26 km, we calculate delay every 1 km (refractivity every 0.5 km).
2. From 26 Km to 50 km, we calculate delay every 2 km (refractivity every 1 km).
3. From 50 Km to 100 km, we calculate delay every 4 km (refractivity every 2 km).
Tropospheric Mapping Functions
We used different mapping functions in this study, which are presented in The performance of these mapping functions was assessed comparing them with highly accurate tropospheric estimates by a Numerical Integration based model using the formula from Simpson for different zenith angles to 85
• . For the zenith tropospheric delay, the Saastamoinen model was used (Younes, 2012) .
Results
The meteorological data used in this study was taken from the EMA as average values between 1990 and 2005. We calculated dry tropospheric delay at zenith and at different zenith angles (∆S zd trop , ∆S d trop ) using Eq. (8) and (9), respectively, and then we calculated the mapped dry tropospheric delay (∆S 
Discussion
By analyzing these results, it can be seen that for zenith angles 
Conclusions
Based on our analysis, we conclude that a large number of map- It can be concluded that, the difference between mapped tropospheric delay and the numerical integration model is directly proportional to zenith angle. It increases slightly with an increase in zenith angle from zenith to 70
• , then it shows a signi cant increase for zenith angles over 70
• .
